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We identified a new spontaneous recessive mutation in the mouse, mhyp (mosaic hypopigmentation), in a screen for novel proviral integration
sites in a multiple ecotropic provirus mapping stock. Integration of an 8.4-kb retrovirus results in mosaic loss of coat pigment inmhyp homozygotes.
Patchy loss of pigmentation in the retinal pigmented epithelial layer of the eye with abnormal melanosomes is also evident. We mapped mhyp to
mouse chromosome 7 and cloned the underlying gene. mhyp is a defect in the Trappc6a gene. Expression of Trappc6a is markedly diminished in
mhyp homozygotes. The normal protein, TRAPPC6A, is a subunit of the TRAPP (transport protein particle) I and II complexes. While TRAPP
complexes are essential for ER-to-Golgi and intra-Golgi vesicle trafficking in yeast, TRAPP subunits participate in additional, including post-Golgi,
transport events in mammals. The data implicate mammalian TRAPPC6A in vesicle trafficking during melanosome biogenesis.
© 2006 Elsevier Inc. All rights reserved.Keywords: Melanosomes; Pigmentation; Retinal pigmented epithelium; Mouse mutationCoat color changes in mice reveal the presence of gene
mutations, many associated with spontaneous integration of
endogenous retroviruses [1–4]. Changes in gene expression that
result from methylation or cryptic splicing [5–7] due to the
presence of a virus often provide mouse models for human
diseases [8–10].We identified a new autosomal recessive mouse
mutation, mhyp (mosaic hypopigmentation), showing mosaic
loss of coat pigment as a result of such a viral integration.
Homozygous mhypmice also show patchy loss of pigmentation
and abnormal melanosomes in the retinal pigmented epithelial
(RPE) layer of the eye.
Phenotypic mosaicism, in which only clonally related subsets
of cells within any given tissue are affected as a result of
retroviral gene insertion, is a well-documented phenomenon,
although the mechanism of this effect is frequently unclear [6].
We mapped the mhyp mutation to mouse chromosome (Chr) 7
and used a viral probe to clone flanking sequences and identify the
defective gene. The viral insertion localizes to intron 1 of the
Trappc6a gene, the mammalian homologue of the yeast TRAPP
complex subunit gene trs33. Trappc6a is ubiquitously expressed,
with highest levels detected in cultured melanocytes. mRNA
levels are decreased to ∼1% of normal in mhyp/mhyp tissues.⁎ Corresponding author. Fax: +1 207 288 6073.
E-mail address: Luanne.Peters@jax.org (L.L. Peters).
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doi:10.1016/j.ygeno.2006.04.002In yeast, TRAPP complexes I and II share subunits but
function in different subcellular compartments. Yeast and
mammalian TRAPP complexes are critical in ER-to-Golgi
(TRAPP I) and intra-Golgi (TRAPP II) protein trafficking
[11,12]. Recent evidence in yeast also suggests a function in
late Golgi/early endosome events [12]. Trs33p is a
component of both complexes. Although there are clear
differences in the ways the complexes function [13], the
amino acid sequences of many subunits are highly
conserved. Characterization of Bet3, the most conserved
subunit, shows that TRAPP I likely acts immediately prior to
fusion of transport intermediates with the cis-Golgi [13]. This
is consistent with TRAPP’s demonstrated function in yeast
as a guanine nucleotide exchange factor for several GTPases,
including Ypt1, essential for targeting and fusion of ER-
derived vesicles [14]. Together, the data indicate a role for
the TRAPP subunit TRAPPC6A in vesicular transport during
the biogenesis of melanosomes.
Results
Identification, characterization, and mapping of mhyp
The 11 proviral sequences scattered throughout the genome
of the multiple ecotropic provirus (MEV) mapping stock, and
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and source of new mutations [15]. One such new mutation,
mhyp, uncovered initially as a heterozygote by Southern blot
analysis, was indistinguishable phenotypically from normal
controls. Mating of heterozygotes produced homozygous
offspring with normal black coats bearing regions of hypopig-
mentation ranging in size from a few hairs to small patches (Fig.
1A). No other overt phenotypic abnormalities were apparent.
To assess changes in melanosome morphology, we examined
the RPE and choroid layers of the eye by light and transmission
electron microscopy (TEM). At both the gross and the light
microscopic levels, pigmentation in the iris, RPE, choroid, and
ciliary body appeared normal (data not shown). By TEM,
however, patches of depigmentation in the RPE were apparent
(Figs. 1B and 1C). Where present, RPE melanosomes were
irregularly shaped and incompletely melanized. Even in areas
where their number appeared normal, the melanosomes were
smaller than usual. Pigmentation of the choroid was unchanged.Fig. 1. Mosaic hypopigmentation defects in mhyp. (A) C57BL/6J control animal
hypopigmentation on the flank of the mutant mouse (arrow). (B) Electron microsco
closely apposed to the RPE. The melanosomes of the RPE vary in size and shape, dep
less electron dense bodies are debris from normal phagocytic activity of the RPE. The
of the choriocapillaries (CC). The pigment granules of the choroid (C) are smaller and
mhyp animal. There are patchy areas of depigmentation of the RPE (asterisk). Melan
(arrow). Pigmentation in the choroid (C) is normal. The retinal photoreceptor outer s
(Inset) In another location in the same eye, pigmentation is relatively normal, alth
melanosome (arrow) is present near the cell apex. Bar, 1 μm.We conclude that the mhyp mutation causes defective melano-
some formation.
We mapped the proviral insertion site, and thus the mhyp
locus, to proximal mouse Chr 7 (data not shown, see Materials
and methods for details) near the rp (reduced pigmentation)
locus. The rp mouse mutant is a model of Hermansky–Pudlak
syndrome (HPS), an autosomal recessive disorder of vesicular
trafficking characterized by defects in lysosome-related orga-
nelles, including melanosomes. We subsequently cloned rp
[16]. Combined with the data reported here, it is apparent that rp
and mhyp represent distinct loci.
Cloning of mhyp
Five identical 11.9-kb clones were isolated from a genomic
library made from size-selected mhyp DNA. The clones were
identified by hybridization with a probe that detects a unique
region of the AKV class of endogenous ecotropic murine(right) and an mhyp homozygous mutant animal (left). Note patchy areas of
pic view of a normal C57BL/6J retina and choroid. The photoreceptors (R) are
ending on the angle of section, and are uniformly electron dense. The smaller and
RPE is separated from the main portion of the choroid by the vascular channels
rounder than those of the RPE, but equally electron dense. (C) Eye of an mhyp/
osomes, where present, are often irregular in shape and incompletely melanized
egments (R) have a smudgy appearance because of the obliquity of the section.
ough many melanosomes are smaller than normal. A large irregularly shaped
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methods. The clones contained 5.7 kb of viral DNA and 6.2 kb
of flanking genomic DNA. Additional overlapping clones were
isolated from mhyp and C57BL/6J libraries using either the full-Fig. 2. (A) Integration site of ecotropic provirus in Trappc6amhyp. A CpG island prece
site of the 8.4-kb virus. The location of the ecotropic virus-specific probe used to dete
acid sequences of yeast Trs33p and mouse TRAPPC6A and TRAPPC6B proteins. Re
90 amino acids longer than the related mouse proteins. The % identity/similarity cited
159 amino acids (not including gaps introduced by the alignment). Positions of the
indicated. (X indicates any amino acid and Φ a hydrophobic residue.) (C) The am
TRAPPC6A are highlighted.length cDNA or nonrepetitive genomic probes derived from the
original clones.
BLAST analyses revealed that the provirus inserted into the
Trappc6a gene (EMBL Accession Nos. BC037154 (mouse),des and includes exon 1. Intron 1 extends for 5.4 kb and contains the integration
ct the genomic clones containing the gene is indicated. (B) Comparison of amino
sidues that are identical or highly similar are shaded. Note that the yeast protein is
in the text is based on comparisons over the length of the mammalian proteins,
motifs (I and II) conserved in TRAPP subunits Bet3, Trs31p, and Trs33p are
ino acid sequence of mouse TRAPPC6A. Amino acids that differ in human
Table 1
Genes encoding yeast TRAPP complex subunits with putative mammalian
homologues




bet5 I, II Trappc1
trs20 I, II Trappc2
bet3 I, II Trappc3
trs23 I, II Trappc4
trs31 I, II Trappc5
trs33 I, II Trappc6a/b
trs65a II Trappc7
trs85a I, II Trappc8
trs120a II Trappc9
trs130 II Trappc10
a Not identified in mammals.
Fig. 3. Northern blot analyses of Trappc6a expression. (A) Expression of
Trappc6a in multiple tissues of the mouse (Clontech). (B) Expression of
Trappc6a in C57BL/6J (B6) melanocyte and kidney RNA. Note that while
kidney appears to be a high Trappc6a-expressing tissue (A), the relative
intensity of the signal in melanocytes in B shows that Trappc6a expression in
this cell type is significantly higher (4 μg poly(A)+ RNA/lane). (C) Expression
of Trappc6a in kidney and skin derived from B6 control and mhyp/mhyp mutant
animals (5 μg total RNA/lane).
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Trs33p, a component of the yeast TRAPP complex [11,13,17–
19] (Fig. 2). Trappc6a comprises six exons that encode a cDNA
of 765 bp. A CpG island precedes and includes exon 1. The
proviral integration site lies in intron 1, 2.1 kb downstream of
exon 1 and 3.2 kb upstream of exon 2 (Fig. 2A). The proviral
integration is the only difference between genomic DNA from
control and mutant animals. The genetic designation of the
mutant locus is Trappc6amhyp.
TRAPPC6A is conserved with TRAPPC6B (54/64% amino
acid identity/similarity) (EMBL Accession No.BC031464)
[13], a second Trs33p-related protein encoded on mouse Chr
12 (Fig. 2B). The genomic structure of the human TRAPPC6A
gene is similar to that of the mouse. Both mouse and human
TRAPPC6A encode proteins of 159 amino acids with predicted
molecular weights of 17.4 kDa and share 83%/86% identity/
similarity (Fig. 2C) [20].
Mammalian homologues related by amino acid sequence to 7
of the 10 yeast TRAPP complex subunits have been identified
[13] (Table 1). Motifs conserved in TRAPP subunits Trs31p,
Trs33p, and Bet3 are also conserved in TRAPPC6A and
TRAPPC6B [11] (Fig. 2B). Based on the recently solved crystal
structure of human Bet3 [21], they lie in a region postulated to
form a hinge involved in tethering the TRAPP complex to the
Golgi. No additional protein motifs were uncovered.
Although TRAPPC6B is slightly more similar to Trs33p,
both TRAPPC6A and TRAPPC6B have been shown to interact
with other subunits of the TRAPP complex or with the intact
complex. One study demonstrated conservation across species
by purifying components of the human TRAPP complex from
an ER/Golgi/vesicle fraction using yeast Bet3p as bait [22]. The
human TRAPP components purified included a protein
(Accession No. AAC62259) that shares 83%/86% identity/
similarity with mouse TRAPPC6A and 56%/65% identity/
similarity with TRAPPC6B. These data suggest that
TRAPPC6A participates in the formation of an intact TRAPP
complex and may be the mammalian homologue of Trs33p.
Recent crystallographic analyses indicate that Bet3 and
TRAPPC6A and B all form homodimers. In addition,
TRAPPC6A and TRAPPC6B, and perhaps TRAPPC5, form
heterodimers with Bet3 [22,23].Trappc6a is ubiquitously expressed
Trappc6a is represented by a multitude of ESTs derived from
virtually every adult mouse and human tissue and from embryos
in various stages of development. Northern blot analyses of
multiple tissues from normal mice recapitulated the wide
expression of this gene predicted by the EST databases (Fig.
3A). A single prominent band of the expected size (∼750 bp)
was visible in all tissues examined. Lowest expression was in
skeletal muscle and brain, while highest was found in kidney,
liver, and testis. Interestingly, on a blot of RNA isolated from
kidney and cultured melanocytes, the signal in melanocyte
RNA far exceeded that in kidney (Fig. 3B). No message was
apparent in RNA of kidney and skin derived from homozygous
mhyp mutants (Fig. 3C). Quantitative PCR detected levels of
message in the mutant at 0.4 and 1.2% of normal in kidney and
skin, respectively (data not shown).
In skin, the dramatic decrement of Trappc6a RNA in mhyp
homozygotes is surprising given the mosaic nature of the
pigmentation defect observed. In kidney, the equally dramatic
decrement in Trappc6a RNA suggests that the presence of the
provirus disrupts Trappc6a expression in tissues in which no
overt phenotypic change is detected and that mhyp mice may
show subtle defects in kidney function in addition to defects in
pigmentation. Furthermore, given the ubiquitous expression of
Trappc6a, defects in other tissues and organs are possible.
Future studies using Trappc6a null targeted mice, in which
phenotypic penetrance will be complete, will shed light on
TRAPPC6A functions in other cell types.
Methylation studies
Because mhyp message levels are 0.4% of normal in kidney,
any methylation changes affecting expression should be
apparent in kidney DNA. We interrogated two sites in mhyp
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site each in mhyp exons 3 and 6, and one site in genomic
flanking sequence (550 bp 3′ of the transcription stop site) using
methylation-sensitive endonucleases. No differences in meth-
ylation were detected between +/+ and mhyp/mhyp DNA (data
not shown), although it was apparent that some methylation
occurs normally within the locus. This suggests that, at least at
the sites surveyed, methylation changes are not responsible for
major expression variations of Trappc6amhyp.
Discussion
The recessive mutation mhyp at the Trappc6a locus causes
pigmentation defects in the skin and eye with abnormal
melanosomes. Our data show that Trappc6a is widely
expressed, with highest expression levels seen in cultured
melanocytes. No message was detected in mhyp/mhyp tissues
by Northern blotting. qRT-PCR confirmed that the presence of
the provirus essentially ablates Trappc6a expression in these
animals. The data implicate TRAPPC6A, a protein thought to
be involved in ER–Golgi trafficking, in melanosome formation
and pigmentation.
Phenotypic mosaicism due to viral integration is a well-
documented phenomenon [5–7]. Variable expression due to
methylation changes and aberrant splicing within or around an
integrated provirus have been described. For example, the HPS
mutant ruby-eye 6 Jackson (Hps6-ru-6J), caused by a retroviral
insertion, shows both increased transcript size and elimination
of transcript, depending on cell type [7]. An intracisternal A
particle (IAP) insertion at the agouti locus in the Aiapy mutant
mouse causes highly variable expression that is correlated with
the methylation status of the inserted IAP [5]. The phenotype
produced is markedly variable; the coat ranges from uniformly
yellow, to mottled, to near wild type (pseudoagouti) in
appearance. Interestingly, the methylation changes produced
by the inserted IAP in Aiapy mice can be further modified by
strain-specific genes, maternal inheritance, and even diet [24].
An IAP insertion at the tyrosinase locus in the cm1OR mutant
mouse, on the other hand, produces a mottled coat color that is
not correlated with methylation changes. In this instance, the
insertion is hypothesized to disrupt a 5′ regulatory element [6].
The Aiapy and cm1OR mouse mutants are revealing in that the
mosaic phenotypic manifestations of the viral insertion, like
mhyp, are striking. In Aiapy, patches of coat with abnormal
pigmentation abruptly change to near-wild-type in appearance.
In cm1OR mice, the clonal phenotype has been documented
microscopically; melanocytes containing pigment granules are
juxtaposed with cells completely devoid of pigment granules.
Why viral integrations produce phenotypes in some, but not all,
cells within any given tissue remains a mystery.
Relative to control animals, we find no evidence for global
methylation changes at the mhyp locus, even in DNA from
tissues in which mRNA expression is diminished 250-fold.
While this suggests that splicing alterations rather than
epigenetic effects likely account for the mhyp phenotype,
again, it is difficult to know the methylation state of mhyp in
individual cells. Methylation is hypothesized to be “all or none”and maintained in somatic cells once established [5]. Were
methylation sufficient to eliminate expression established in one
cell, that methylation pattern would be retained in daughter
cells. A group of such clonally related mhyp null cells would
produce the phenotype of spotty hypopigmentation we observe.
Thus, the possibility that methylation changes occur in mhyp
remains. Likewise, the possibility that the insertion of the
provirus into intron 1 disrupts a regulatory element cannot be
ruled out at present.
Crystallographic studies provide insights into the interaction
of TRAPP subunits and their functions within the complex.
Studies of the mammalian homologue of Bet3p, TRAPPC3,
suggest it anchors the entire TRAPP complex to the Golgi
membrane by interactions between charged residues on its
surface and by insertion of an acyl group (perhaps Golgi
specific) into a hydrophobic channel within TRAPPC3 [23,25].
The two mammalian isoforms of the subunit Trs33p,
TRAPPC6A and TRAPPC6B, share remarkable structural
similarity with TRAPPC3 in their α/β plait configuration
despite bearing limited amino acid sequence similarity
[13,23,25]. However, the TRAPPC6 isoforms lack the
TRAPPC3 features thought to modulate TRAPP complex/
Golgi interactions [22].
The TRAPPC6A and B proteins both heterodimerize with
TRAPPC3 [22,23]. Formation of the Bet3p/Trs33p hetero-
dimer in yeast promotes Bet5p interaction with Bet3p,
reinforcing the idea that Bet3p/TRAPPC3 plays a nucleating
role in TRAPP complex assembly at the Golgi [23]. In yeast
with mutant Bet3p proteins incapable of binding to the
Golgi, excess Trs33p drives Golgi localization of the mutant
subunit. However, while Trs33p appeared to drive both
Bet5p/Bet3p binding and association of Bet3p with the
Golgi surface in these experiments, it is not critical for these
functions, as Trs33p is one of two TRAPP subunits not
essential for the vegetative growth of yeast [17,18]. Hence,
Bet3p appears to perform a pivotal nucleating function in
the assembly of yeast TRAPP. It is interesting to note that
levels of Trappc6a message vary greatly between tissues in
mice (this paper), while levels of TRAPPC6A’s proposed
binding partner TRAPPC3 appear fairly uniform and high
[13], suggesting that mammals may have differing require-
ments for these two subunits.
Our data and those of other investigators suggest that
mammalian TRAPP subunits play roles in vesicle trafficking
beyond ER-to-Golgi transport. Mutations in the human
homologue of TRAPP subunit Trs20p are responsible for the
genetic disease spondyloepiphyseal dysplasia tarda [26]. The
amino acid sequence of this protein, TRAPPC2 (sedlin),
provides no clues to its function. However, X-ray crystallo-
graphic analyses reveal that the tertiary structure of Trs20p is
very similar to the SNARE proteins Ykt6p and Sec22l1
(Sec22b). While TRAPPC2 may bind a SNARE domain as
part of its function in TRAPP, the presence of an unusually large
number of apolar surface residues may suit it to additional
protein:protein interactions as an adaptor protein. The mouse
protein TRAPPC4 (formerly synbindin), homologue of yeast
TRAPP subunit Trs23p, is found in the spines of neural
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intracellular vesicles to postsynaptic sites [27]. The function of
TRAPPC4/synbindin in a post-Golgi compartment demon-
strates that mammalian TRAPP subunits participate in multiple
vesicular transport events and perform specific critical functions
beyond generalized ER-to-Golgi transport.
The mhyp phenotype clearly implicates TRAPPC6A in
melanosome biogenesis and, by extension, in processes beyond
ER–Golgi and intra-Golgi TRAPP complex functions. More-
over, the near-complete absence of Trappc6a expression
combined with a mosaic phenotypic defect suggests that
developmentally stage-specific redundancy in TRAPP function
exists. It is interesting to speculate that additional related
organelles may be adversely affected in the absence of
TRAPPC6A. However, the mosaic nature of the mhyp defect
in which only small, clonally related subsets of cells within any
given tissue are affected precludes meaningful analyses of these
points at this time. We are currently generating a null mutation
using gene targeting. In the absence of the complications that
arise from the mosaic nature of the mhyp mutation, specific
phenotyping strategies can be employed in Trappc6a null
animals to identify precise organelle defects and to determine
whether other cell types are affected and if proteins with
overlapping functions exist. Further investigations undoubtedly
will extend the known role of TRAPP complexes and their
subunits in mammalian cell function.Materials and methods
Animals
The mhyp mutation was uncovered in a screen by Southern blot analysis for
novel proviral integration sites in anMEVmapping stock [28].Mice were judged
to be hetero- or homozygous based on the intensity of hybridization of genomic
DNA to a virus-specific probe [28]. The strain is maintained by mating of
homozygous animals. All animals are housed in humidity- and temperature-
controlled rooms with a 12-h light cycle. They have free access to acidified water
and chow (NIH 5K52). The Jackson Laboratory is fully accredited by the
American Association for Accreditation of Laboratory Animal Care. All
protocols were approved by The Jackson Laboratory Animal Care and Use
Committee.
Chromosomal localization of mhyp
The MEV mapping stock upon which mhyp arose contains 11 proviral
sequences from the endogenous ecotropic MuLV gene family scattered
throughout its genome. Southern blot analysis is used routinely to map novel
provirus integrations arising in the MEV mapping stock [28], such as that
causingmhyp. Briefly, animals homozygous for themhypmutation were crossed
to C57BL/6J, which carries a single ecotropic provirus (Emv-2) on distal Chr 8.
F1 offspring were crossed to C57L/J, a strain that does not carry this specific
class of provirus. Offspring were analyzed by Southern blot for retention of both
the novel mhyp provirus and any of the 11 previously mapped proviral loci
segregating in the cross. In this case, linkage was found between mhyp and the
Emv-11 locus on Chr 7.
Generation of C57BL/6J-mhyp congenic mice
The mutation was transferred to the C57BL/6J inbred background through nine
generations of backcross/intercross matings. Southern blot analysis of DNA from
incipient C57BL/6J-mhyp congenic animals revealed two known ecotropic proviralsequences,Emv11 (Chr 7) remaining from theMEV stock and Emv2 (Chr 8), carried
in C57BL/6J. An animal carrying a recombination between the new integration site
and Emv11was obtained, allowing removal of Emv11 from the mhyp congenic line.
A DNA fragment derived from the unique region of the AKV class of
endogenous ecotropic MuLV [29] was generated by PCR using an annealing
temperature of 60°C and the following forward and reverse primers,
respectively: 5′-TGTATGTTGGCCCTCCACGG-3′ and 5′-TGGGTCATGTC-
CAGAGACGT-3′. The 371-bp product obtained, a subfragment of a previously
described MuLV probe termed pEc-B4 [15], was isolated, radioactively labeled
using a Megaprime Labeling Kit (Amersham/Pharmacia), and used as a probe
on Southern blots. In genomic DNA digested with the restriction endonuclease
HindIII, this probe discriminated between the segment bearing the novel mhyp
insertion, which appears as a 12-kb band, and a 7-kb segment bearing Emv2
[15]. This digestion/hybridization protocol was used to ascertain that all
ecotropic proviral sequences except for Emv2 and the mhyp insertion were
successfully removed from the mutant stock during the development of the
C57BL/6J-mhyp congenic line.
Cloning of mhyp
To ensure that DNA surrounding only the new viral integration site was
cloned, a 20-μg sample of mhyp/mhyp genomic DNA was digested with
HindIII and run on a 0.7% agarose gel. A gel fragment containing digested
DNA from 10 to 14 kb in size was excised from the gel and the DNA
extracted using a Spin-X column (Corning Costar Corp., Corning, NY,
USA), extracted with chloroform, and precipitated in 0.3 M ammonium
acetate and 2.5 volumes of 100% ethanol. The DNA was ligated into
HindIII-digested λ DASH II, packaged using Gigapack III Gold packaging
extract, and plated according to the manufacturer’s instructions (Stratagene,
La Jolla, CA, USA). Additional clones were obtained by hybridization of
non-size-selected C57BL/6J and mhyp libraries with a single-copy HindIII–
NarI genomic fragment from sequences flanking the viral insertion or with
full-length mhyp cDNA.
Sequence analysis
The sequence of cloned DNA was determined using both M13 forward
and reverse primers and internal primers complementary to the genomic
DNA (Ransom Hill Bioscience, Inc., Ramona, CA, USA). Genomic DNA
sequence was obtained from overlapping PCR fragments prepared according
to the manufacturer’s instructions with a high-fidelity Taq polymerase
(Dynazyme, MJ Research, Boston, MA, USA) and sequence-specific
primers used for both the PCR and the sequencing. Sequencing was
performed using the automated dye termination technique (ABI Prism
Model 3700 genetic analyzer, Applied Biosystems, Foster City, CA, USA).
We searched for sequence homologies using BLAST analyses through the
National Center for Biotechnology Information (http://www.ncbi.nlm.nih.
gov/), The Institute for Genomic Research (http://tigrblast.tigr.org/tgi/), and
Wisconsin GCG Package (version 10.3). Genomic DNA and protein
sequences were analyzed using the following programs and online sequence
analysis resources: Sequencher version 4.1, Wisconsin GCG Package
(version 10.3), and ExPASy Proteomics Tools (http://us.expasy.org/tools/).
Protein identity/similarity analyses were carried out by GAP analyses in the
Wisconsin GCG Package (version 10.3) using default parameters and no
penalty for end gaps.
Methylation studies
To assess the methylation status of DNA regions surrounding mhyp, kidney
DNA from +/+ (C57BL/6J) and mhyp/mhyp mice was digested with the
methylation-sensitive restriction endonuclease HaeII or HgaI, the methylation-
impaired Sau3A, or the methylation-sensitive/impaired isoschizomers SmaI/
XmaI (NewEnglandBiolabs, Beverly, MA,USA).Blots were probedwith a 474-
bp fragment encompassing all but a few bases of the mhyp coding sequence
generated in a combined RT/PCR from total kidney mRNA as previously
described [30] using the oligonucleotides 5′ (5′-GCGGTGCTATTC-
GAGTTTCTGCAC-3′) and 3′ (5′-CTCAGGACTTCTGGATCACCACCT-3′).
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RNA was prepared from tissues (freshly harvested or harvested and snap
frozen in liquid nitrogen) and C57BL/6J-derived melanocytes [31] cultured
according to the protocols of Bennett et al. (available online at http://www.
sghms.ac.uk/depts/anatomy/pages/dcbm&m.htm) using TRIzol reagent (Invi-
trogen, Carlsbad, CA, USA) and Micropoly poly(A)Purist reagents (Ambion,
Austin, TX, USA) according to the manufacturers’ instructions. The 474-bp
mhyp cDNA fragment described above was used as a probe. Following
denaturing gel electrophoresis and transfer to Zetabind membrane (Cuno, Inc.,
Meriden, CT, USA), blots were probed and washed at high stringency as
previously described [32]. Initial screening for mhyp expression was carried out
using a Clontech multiple-tissue Northern blot hybridized according to the
manufacturer’s instructions.
Quantitative PCR
Quantitation of mhyp message in kidney and skin of C57BL/6J controls and
mhyp/mhyp animals was accomplished by multiplex quantitative PCR using an
ABI 7700 and TaqMan reagents obtained from the manufacturer and used
according to their instructions (Applied Biosystems). The following primers
recognize mhyp mRNA and produce an 80-bp product: forward primer, 5′-
CAGGCTTGCCCTTCCCTAAG-3′; reverse primer, 5′-CTTTGCA-
GGTCGCCTTGAAG-3′; and TaqMan 6FAM-labeled probe primer, 5′-
CCTCGGAATGTGGCACCTGACCCT-3′-TAMRA. The amount of RNA
between samples was normalized using 18S rRNA levels and the following
oligonucleotides to produce a 178-bp product: forward, 5′-CCGCAGCTAG-
GAATAATGGAAT-3′; reverse, 5′-CGAACCTCCGACTTTCGTTCT-3′; and
TaqMan VIC-labeled probe primer, 5′-ACCGGCGCAGACGGACCAGA-3′-
TAMRA. Reactions were run in triplicate on the ABI 7700 default program with
an annealing temperature of 60°C. Primers to mhyp sequences were used at a
concentration of 300 nM and rRNA primers were used at 100 nM.
Transmission electron microscopy
Eyes were prepared as described [33]. Electron photomicrographs were
obtained using a Jeol 1230 (Tokyo, Japan) transmission electron microscope.Acknowledgments
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